abundances of individual presolar grains, because the supernovae produce both of 138 La and 138 Ce and their initial abundance ratios in individual grains are different. After the destroy of pre-existing 138 La and 138 Ce (and 136 Ce) by the weak s process in evolutionary stages of progenitors, these nuclei are re-synthesized in different layers in the supernova explosion; 138 La is synthesized by the ν process in He-and C-rich layers [11] and 136, 138 Ce are synthesized by the γ process in O/Ne layers [23, 24] . Meteorite compositions are produced in stellar outflows after mixture of materials originating from different layers, which may include both the Ce isotopes and 138 La. The mixing ratios of the different layers in the individual meteorite compositions are different. Therefore we should evaluate the initial abundances in each sample by an alternative method.
Here we propose a novel empirical method to estimate the initial abundance of 138 Ce. A similar empirical method was suggested for a 146 Sm nuclear cosmochronometer, wherein an initial abundance of 146 Sm is evaluated by the solar abundance pattern [25] . In our proposed method, the initial abundance of 138 Ce can be calculated by an empirical scaling law for pnuclei, which was found in the solar abundances [26] . The three isotopes, 138 La, 138 Ce, and 136 Ce, are classified to the p-nuclei. The p-nuclei are located on the neutron-deficient side from the β-stability line and their isotopic fractions are small (typically 0.1-1%). There are nine pairs of the two p-nuclei with the same atomic number. As shown in Fig. 1 , the first and second p-nuclei are lighter than the s-nucleus by two and four neutrons, respectively. We found the empirical scalings that the abundance ratios of N ⊙ (1st p)/N ⊙ (2nd p) and N ⊙ (s)/N ⊙ (1st p) are almost constant over a wide range of atomic number, respectively, where N ⊙ is the solar isotope abundance [26] . These scalings are a piece of evidence that the most probable origin of the p-nuclei is the supernova γ process. In addition, we found a novel concept of "the universality of the γ process", wherein the scalings hold for nuclides produced in individual supernova γ processes under various astrophysical conditions [26] . We calculated the γ process of core-collapse supernovae under various astrophysical conditions such as, metallicity, progenitor mass, and explosion energy and found that the scalings hold for individual nucleosyntheses independent of the astrophysical conditions assumed [27] . We presented a detailed mechanism why the scalings fold for various supernovae in our previous papers [27, 28] . Our proposed chronometer is based on the universality of the scaling for the two p-nuclei.
Here we improve the empirical scaling for the two p-nuclei. There are nine pairs of the two p-nuclei in the solar system, but we omit three elements of Mo, Ru and Er in Fig. 2 because the origin of p-nuclei of Mo and Ru is considered to be different from other p-nuclei [13, 14, 26] and a p-nucleus 164 Er is largely contributed from the s process [30] . The N ⊙ (1st p)/N ⊙ (2nd p) ratios in the other six elements increase with increasing the atomic number (see Fig. 2 ). We obtain a function,
using a χ-square fitting. As shown in Fig. 2 
where N is the observed abundance in the sample, R pp is the initial N(1st p)/N(2nd p) ratio at the freezeout of the γ process, and b is the branching ratio of the β − decay of 138 La: A part of 138 La may be contributed from the γ process, but the age obtained from this chronometer is not affected by the contamination of the γ process, because this chronometer measure the age elapsed from a supernova and both the γ-and ν processes occur at the same supernova. The cosmic ray process [29] also has been suggested as the origin of 138 La.
However, the presolar grains originating from the supernovae do not contain the comic ray products, because the pre-existing 138 La and 136,138 Ce originating from the interstellar media, which include the cosmic ray products, are destroyed by the weak s process before the supernovae. The p-nuclei that include the three isotopes are located on the neutron-deficient side from the β-stability line, and hence they cannot be synthesized by neutron capture reactions in the weak s process. On the other hand, the pre-existing p-nuclei are destroyed by the neutron capture reactions. Therefore, the three isotopes in the presolar grains from the supernovae are newly synthesized by single nucleosyntheses without any pre-existing contamination such as the cosmic ray products.
Here we discuss the uncertainty of the age using the chronometer. Figure 3 Fig. 4 ). The uncertainty of the age is generally due to theoretical and observational errors. In the present proposed chronometer, the theoretical errors come only from the uncertainty of the initial abundance ratio of R pp (Ce). The uncertainty of R pp (Ce) is estimated from the deviation of the observed N ⊙ (1st p)/N ⊙ (2nd p) ratios (see Fig. 2 ). The standard deviation of the observed ratios is 9% and we take 9% as the uncertainty of R pp (Ce Although recent studies of the astrophysics suggest that 138 La may be dominantly synthesized by the ν process [11, 17] , the origin of 138 La has not been elucidated in astronomical observations or meteorite analyses. To take a hypothetical example, suppose that 138 La is dominantly synthesized by the cosmic ray process and the presolar grains are formed in an interstellar environment. The age estimated by this chronometer would be longer than that in the case that 138 La is dominantly synthesized by the ν process because the cosmic ray nucleosynthesis is a continuing process from the Galaxy formation to the solar system formation.
Thus, the age measured in the presolar grains is of importance to understand the origin of 138 La.
Here we point out that the nuclear structure of by the ν process is destroyed via the isomer (see Fig. 5 ).
We would like to stress that the observed 138 La are taken from ref. [36] and refs. [34, 35] , respectively.
